The multivariate statistical methods (principal component analysis "PCA" and hierarchical cluster analysis "CA"), were used to evaluate the water quality of Al-Gharraf River, the largest branch of Tigris River, south of Iraq. Water quality parameters were calculated monthly at each of the ten stations along the river during the year 2014-2015, to investigate the potential pollution sources and samples were analyzed for 18 physicochemical and biological parameters. The PCA supported in extracting and recognizing the factors that are responsible for river water quality variance over the year. Four factors identified that are responsible for 70% of the total variance in water quality of the river. The first factor is a multi-source factor that explains 31.6% of the total variation. The second factor is organic source factor that explains 14.6% of the total variance. The third factor is soil erosion source factor that explains 12.8% of the total variance. The fourth factor is caused by sulfates and calcium and explains 11% of the total variance. The hierarchical CA classified the 10 monitoring sites into three differentiated groups showed similar water quality features. The natural hydro-geochemical and anthropogenic activities such as domestic wastewater influents were the significant factors affect the water quality. The results of this work can be used to decrease the number of samples analyzed in both space and time to help the decision makers in recognizing priorities to improve water quality.
Introduction
Water is an essential natural resource for human life, developing economics and society regarding agriculture, industry and various facilities. Rivers are not supplying water for human consumption only, but also to receive wastes discharged from human activities [1] . Constant polluting sources are formed by municipal and industrial wastewater ejection, whereas surface overflow is a seasonal phenomenon, largely affected by climate within the surface water basin [2] .
The Seasonal variation of precipitation, surface runoff, groundwater flow, and anthropogenic transfers have an intensive effect on the river discharge and, subsequently, on the amount and concentration of pollutants in water. Due to these complexities, water quality specialists and decision-makers often are confronted with significant challenges in their efforts to control water pollution [3, 4] . Through identifying spatial and temporal patterns in the river water quality, an improved understanding of the environmental conditions may help the stakeholder and decision-maker to establish priorities for sustainable of water management [5, 6, 7] .
Previous studies have demonstrated that Iraq currently faces serious water problems; not only over-exploitation and uneven in the spatial distribution of water resources, but also severe water pollution in Iraqis main rivers, which give contribution for the scarcity of water of adequate quantity and quality [8, 9, 10] . Growing municipal wastewater discharges due to urbanization, agriculture, and industrial practices, along with the limitation of wastewater treatment facility and capacity, considered the principal drivers of water pollution. In Iraq, all wastewater discharged into rivers, and most of that is untreated [11, 12, 13] .
Application of the multivariate statistical methods, like principal component analysis (PCA) and cluster analysis (CA), helps in the elucidation of complex data to improve the understanding of the water quality. Such tools facilitate the identification of possible factors that influence water quality and can aid in the reliable management of water resources as well as a solution to pollution problems [14, 15, 16] .
Studies investigated the changeability of water quality have informed that water quality is highly depending on watershed runoff and urbanization, these studies have maintained the pollution sources with the possible influences of natural practices and anthropogenic activities on the variation of water quality [17, 18, 19] . In this study, water quality data set of Al-Gharraf River during 2014-2015 was analyzed using CA and PCA to identify the significant parameters explaining the variation of pollution sources and an attempt to recognize and clarify the main factors which explain the structure of water quality dataset.
Materials and Methods

A. Description of the Study Area
Al-Gharraf is the main branch of Tigris River, south of Iraq. Its water type and discharge in conjunction with the hydrological characterizations of Tigris River in Al-Kut barrage [20] . It suffers from natural and human problems such as pollution, accumulation of clay, the growth of plants like the water hyacinth (Eichhornia crassipes), watersquandering, and reduction of water levels [21] . In Wasit and Dhi-Qar governorates it passes through many towns and green heavy populated villages. In Dhi-Qar it has two branches before its end in the marshes [22] .
The length of the main river is about 230 km, 50-80 m width and 3-7 m depth. Its basin populated by more than million people using about 432000 m³/year of refined water and passing through an agricultural area of about 215019 hectares in the southwest of Iraq within the sediment plain [20] .
The geographical position of the study stations is shown in Table ( 1) . This position gives the area climate features like; the high rate of sun radiation, the high temperature in summer, few rain occasions in winter and spring, low moisture, and high rate of evaporation [21] . There are large yearly fluctuation in water level and average annual discharge, in summer and autumn (the dry seasons) water comes from the reservoirs full with organic materials, planktons, algae and plants with dark green color causing decrease in pH and dissolved oxygen, increase in turbidity, total dissolved solids and affecting the water quality [22, 23] . Ten sampling stations were chosen before, between and after the main towns along the river to represent its situation 
B. Field sampling and analytical measures
Water samples were gathered monthly from winter 2014 to autumn 2015, at each sampling station on the river. Samples were preserved and examined according to the standard techniques of the American Public Health Association (APHA) [25] .
Physical, chemical and biological parameters including water temperature (T) (ºC), dissolved oxygen (mg/L) (DO), electrical conductivity (EC) (µS/cm), and pH, were measured in situ using a WTW multi-meter model Multi 340i. Turbidity (Tur) (NTU) was determined in situ using WTW portable turbidity meter model TURB 355 IR/T. Total dissolved solids (TDS) (mg/L) by the temperature controlled oven. Alkalinity (Alk) (mg/L) as CaCO 3 measured by titration method, total hardness (TH), Ca +2 and Mg +2 (mg/L) were measured by EDTA complex metric titration. Na + and K + (mg/L) concentration was measured by flame photometer model M410 ,UK, and Cl -(mg/L) concentration was measured by silver nitrate titration method. Sulfate (SO 4 -2 ) (mg/L) concentration was determined spectrophotometrically using the barium sulfate turbidity method. Nitrate (NO 3 ) and phosphate (PO 4 ) concentrations (mg/L) were measured by cadmium reduction and molybdate-ascorbic acid methods, respectively. Biological oxygen demand (BOD 5 ) (mg/L) by azide modification at 20ºC (5 days) and fecal coliform (FC) (CFU/100 ml) by membrane filtration technique [24] . The positions of stations were determined by the Global Positioning System, Geko 201, Garmin Ltd. /Taiwan.
C. Data treatment and multivariate statistical methods
The Windows statistical software package SPSS 21, was used for descriptive analysis, correlation coefficient and multivariate statistical analysis of the data. The Kolmogorov-Smirnov (K-S) experiment was used to examine and evaluate the goodness of proper data to a log-normal distribution. According to the K-S experiment, all the variables were log-normally distributed with 95% or more certainty [26] .
Kaiser-Meyer-Olkin (KMO) and Bartlett's test were used to inspect and check the fittingness of data for PCA. KMO is a measure of sampling competence, which indicates the proportion of variance (common variance), that might be caused by underlying factors [27] . A high value (close to 1) points out that PCA may be useful. In this study, KMO = 0.6. Bartlett's test of sphericity indicates whether correlation matrix is an identity matrix, which would mean unconnected variants. In this study, the significance level which is 0 (less than 0.05) indicates that there are significant relationships among variables, Table ( 2). 
D. Principal component analysis
This way of investigation can identify the most significant parameters which describe all data set and data reduction, providing the correlation among water components without changing the original data [27]. In the current study, normalized variables were extracted the significant PCs and decrease the contribution of variables with minor importance by varimax rotation generating factors [27, 28] . The actors that have more than 1 variance are included only because any component should explain more variance than any single variable [28] . The PCA was applied by using varimax rotation with Kaiser Normalization and by extracting the eigenvalues from the correlation matrix, the number of the significant factors and the percent of variance that explained by each of them was calculated.
E. Cluster analysis
It is a technique that grouped similar objects into homogeneous groups respect to certain properties and different from or unrelated to the objects in the other groups [29] .
By hierarchical clustering, the levels of similarity, at which observations are combined, are used to build a dendrogram. The agglomerative hierarchical clustering was used with Ward's linkage method and squared Euclidean distances as a measure of similarity [30] .
Results and Discussion
The essential statistics of all water quality variables, which were measured during the sampling period of one year at the ten stations on the river, are summarized in Table ( 3).
A. Correlation analysis
Pearson correlation of the ten sampling stations, which is combined to calculate the correlation matrix of the 18 variables, showed that the parameters in water samples collected from Al-Gharraf River were weak and moderately correlated to each other at p ≤ 0.01 and p ≤ 0.05 levels, Table (4), this is because they are affected by the same spatial and temporal variations. However, some clear hydrochemical relationships were found.
A strong significant positive of correlation was found between FC and T, a moderate significant positive of correlation was found between DO and Tur, DO-NO 3 
, Cl -T, EC-T, EC-TDS, EC-BOD, T-TH, BOD-T, Mg-T, FC-Cl, FC-TH, FC-Mg, FC-EC, FC-BOD.
A moderate significant negative correlation was found between DO and T, DO-TH, pH-T, NO 3 -T, NO 3 -Mg, FC-CO3, FC-DO, Table (4). 
B. Application of cluster analysis
CA gathered sampling stations in the river into 3 clusters of similar water quality features. Fig.(2) illustrates the dendrogram output by using Ward's linkage method and square Euclidean distances. Cluster 1 (stations 1 and 2), Cluster 2 (stations 3, 4, 5 and 6) and Cluster 3 (stations 7, 8, 9 and 10) correspond to the relatively low pollution, moderate pollution, and high pollution regions respectively.
In Cluster 1, which contains relatively less polluted sites, this could be accredited to the fact that fewer human activities were taking place at stations 1 and 2 upstream the river; they are far from the discharge of effluent in the beginning of the river. The river here surrounded with agricultural land, characterized by wide riverbed, fast flow rate, high water level and has the same features of Tigris River which characterize with no cities or large pollution sources for a long distance after it left Baghdad [21] .
Cluster 2 is made up of moderately polluted sites, the four stations, 3 rd , 4 th , 5 th , and 6 th are located after and between Al-Hay, Qalat Sekar, and Al-Refaee towns, the river here characterized by salt areas (Sabkha) with saline water drainage, agricultural fields on both sides, incidence under the influence of human activity of these towns as the wastewater is added directly, the presence of some slaughterhouses and car workshops which discharge untreated domestic wastewater to the river [20] . Cluster 3 contains the four stations 7 th , 8 th , 9 th and 10 th which are located downstream the river among Al-Nasr, Al-Shatra and Al-Gharraf towns where the river region characterized by significant reduction in water level, high population density, under the influence of streams and the remnants of the town's markets, sewage flowing and large quantity of solid and liquid waste [21] .
It is worth mentioning that there are four drinking water treatment plants on the right side near station 8 before the river has divided into its two main branches, these plants provide drinking water to Dhi-Qar and Basrah provinces, Fig.(1) . C. Application of the principal component analysis PCA is employed in this study, for the 18 variables from the 10 sampling stations during 2014-2015, to identify the most significant water quality parameters. The eigenvalues, which provide the highest measure of factors significance, are the most significant eigenvalues. Eigenvalues of 1.0 or greater are considered as significant Fig.(3) and Table ( (5), which summarizes the PCA, is including the loadings and eigenvalues of each PC, explaining the total variance and the cumulative variance. It must be noted that the rotation, which resulted in an increase in the number of factors, is necessary to explain the same amount of variance in the original dataset [6] .
In the obtained PCA data, five components were extracted, explaining 70% of the total variance which helps in the elucidation of the results and in the identification of sources of pollution from the water quality data. PC 1 showed that 31.6% of the variance, and loaded heavily on T, FC, NO 3 , DO, pH, Cl, Mg, CO 3, and TH. Water temperature, which reflects the atmospheric temperature and the negative strong loadings on pH, NO 3 and DO, represents the contribution of non-point source pollution and refers to the decayed organic matters from agricultural areas. The strong positive loading on FC bacteria represents the contribution of point source pollution of human activities and the positive correlation with Alk, Cl¯ TH, and Mg 2+ denotes the contribution of point pollution and the physical-chemistry of the river.
PC 2 was loaded chiefly by Tur, BOD, and PO4 and explained 14.6% of the total variance. This factor represents the contribution of the non-point source of organic pollution from agricultural areas and points source pollution from domestic sewage, the presence of PO 4 is most probably due to agricultural runoff such as livestock waste and fertilizers and the municipal sewage because PO 4 is an important component of detergents [17] . PC 3 was responsible for 12.8% of the variance and was best represented by TDS and EC. This factor contains the contribution of non-point source pollution from hydrogeochemical and mineralization processes of the geological components of soil.
Additional 10.975% of the variance was explained in PC 4; this factor contains SO 4 and the hydro-geochemical variable Ca
2+
originating from mineralization of soil. 
Conclusions
In this research, the results of multivariate statistical methods suggest that natural and anthropogenic pollution sources had significant effects on water quality of the river. The PCA analysis produces four factors to show 70℅ of the total variance in water quality. The monitoring stations are grouped by Cluster analysis into 3 clusters of similarity based on water quality characteristics at different stations. These consequences show that agricultural, domestic and hydrogeochemical sources are responsible for the pollution in Al-Gharraf River.
The outcomes, which were attained from CA, point out that CA method is very helpful in the categorization of the areas of surface water into a different category such as comparatively less pollute, moderately pollute and highly polluted area, depending on the extent of pollution. This means that for quick assessment of water quality, only one site in each cluster may serve as a good and appropriate site in the the spatial assessment of the water quality of the whole network.
